Lafoensia pacari A. St. Hill has been used in traditional medicine as an anti-ulcerogenic and anti-inflammatory. Although there is an ethnopharmacological indication for cancer treatment, only a few studies have demonstrated its possible anticancer activity. Thus, the aims of this study were: (1) to evaluate the antineoplastic effect of L. pacari ethanolic extract (LPE) in lung carcinoma cells, (2) to determine the mode of action of LPE and (3) to identify the substances present in LPE. Human and murine lung cancer cell lines were grown in vitro and treated with different concentrations of LPE. Cell cycle and caspase-3 activity assays were performed in order to verify the mode of action. LC-ESI-MS screening was performed to detect the compounds present in LPE. LPE showed a dose-dependent cytotoxic effect, where neoplastic cells were more sensitive than non-neoplastic. The LPE induced sub-G1 cell cycle arrest in cancer cells suggesting cell death, which was confirmed as apoptosis by the activation of caspase-3. The LC-ESI-MS analysis indicated a high level of procyanidins, which could be responsible for the antineoplastic effect of LPE. Thus, we concluded that a Lafoensia pacari extract, rich in procyanidins, is cytotoxic against lung cancer cells through activation of caspase-3-dependent apoptosis.
INTRODUCTION
Plants have been used worldwide for the therapy and prevention of several diseases in humans and animals [1, 2] , however some of these plants only became part of the allopathic and homeopathic pharmacopoeias at the beginning of the 20th century [3] . Ethnopharmacology has led to an extraordinary advancement in medicine, leading to the discovery of several substances that are now commonly used against cancer, such as Paclitaxel and Topotecan [4, 5] . To date, several plant species have shown interesting preventive and/or therapeutic effects against cancer, providing many options for the discovery and development of new molecules targeting the diverse alterations found in cancers [6] [7] [8] . Most of the bioactive molecules responsible for the effects observed in medicinal plants are secondary metabolites, substances that do not appear to participate directly in plant growth and development [9] . When consumed by living organisms, these metabolites, named phytochemicals, can modulate the metabolism of cells and protect them against carcinogenic substances [10] , as well as targeting cancer cells and inducing cell death.
The Lythracea family is native to South America and includes approximately 500 species. Lafoensia pacari A. St. Hill can be found specifically in the Brazilian Cerrado [11] . Known popularly in Brazil as "Dedaleira" or "Mangava-brava", L. pacari has been used in traditional medicine as an anti-ulcerogenic and anti-inflammatory [12] , and different preparations are used depending on the disease. Maceration of the inner bark followed by oral ingestion is the most common way to treat gastric ulcers and weight loss and can be used in this form as an antipyretic. It can also be used topically for dermatological conditions [13] . When used to treat patients with cancer, people usually drink the extract of the bark after decoction, by adding some salt and a small amount of ethanol [12] . The hydroalcoholic extract of L. pacari stem bark contains tannins, steroids, triterpenes and saponins [12] . Thus, our objective was to evaluate the possible antineoplastic effect of L. pacari hydroethanolic extract (LPE) in lung cancer cell lines, since those cancers have the highest rates of incidence and mortality worldwide [14] .
MATERIAL AND METHODS

Extract preparation.
Samples of bark and stem bark were collected in Piracicaba, state of Sao Paulo -Brazil, from standing trees located inside the campus of University of São Paulo (ESALQ-USP). Botanical identification was performed and the Voucher specimen (identification ESA 129860) was deposited in the ESA (Herbarium from ESALQ-USP). The plant name was properly checked in www.theplantlist.org (accessed in April 6th, 2016). The dried and grounded material was extracted with 50% ethanol during 48 hours. The extract was filtered and ethanol was removed by rota-evaporation under reduced pressure resulting in Hydroethanolic Extract (LPE). LPE was frozen at -50ºC and lyophilized resulting in a dried extract.
Cell lines and cytotoxic analysis.
For the assessment of cytotoxicity of LPE, different cell lines (purchased from ATCC®, Virginia, USA) were grown in vitro (Table 1) . Cells were cultured in triplicates in 96-well plates for 24 h in a humidified incubator at 37°C and 7% CO2 in RPMI 1640 (lung human cells), CMRL 1066 (murine cells) and DMEM (human fibroblast) media, supplemented with 10% fetal bovine serum (InvitrogenTM, Carlsbad, CA), 2% GlutaMAX (InvitrogenTM, Carlsbad, CA) and 1% penicillin/streptomycin (InvitrogenTM, Carlsbad, CA). LPE was diluted in the medium described above and exposed with concentrations ranging from 3.12 to 400.00 µg/mL for 72 h. Then, cell viability was assessed using MTT (3 -(4,5-dimethylthiazol-2yl) -2,5-diphenyl bromide tetrazolium, Sigma Aldrich, St. Louis, MO, USA) assay, widely used to determine the viability of cultured cells. 
Cell cycle analysis.
Briefly, 2 x 10 4 H460 cells were grown as described for 24 h. The culture medium was discarded and cells were treated for 72 h with 100µg/mL of LPE. Then, cells were detached using 0.05% trypsin/EDTA solution. Non-treated cells were used as controls. Staining was achieved using a DAPI (4′,6-diamidino-2-phenylindole) solution, Sigma Aldrich, St. Louis, MO, USA) dissolved in calcium and magnesium-free Dulbecco's PBS (Sigma Aldrich, St. Louis, MO, USA) at 1 µg/mL. Flow cytometry analysis was then performed (Partec CyFlow® Ploidy Analyzer, Partec, GMBh, Germany). The experiment was performed in triplicates. Most LPE sensitive cell line was used to cell cycle and cell death analyses.
Cell death analysis.
Again, 2 x 10 4 H460 cells were grown as described for 24 h. The culture medium was discarded and cells were treated for 72 h with 100µg/mL of LPE. Then, cells were detached, and cleaved caspase-3 activity was analyzed by the Caspase-3/7 dependent staining of DNA NucViewTM 488 Caspase-3 Detection in Living Cells (Biotium, CA, USA), according to the manufacturer's recommendations. Positive and negative cells were counted using ImageJ software (NIH, Bethesda, Maryland, USA).
Phytochemical characterization.
Total Tannins Content. Total tannins from powdered bark, inner bark and ethanolic extract were determined according to the method of Hagerman and Butler, based on the precipitation using bovine serum albumin (BSA, Sigma Chemical Co., St. Louis, USA) [15] . Briefly, powdered extracts were dissolved and adequately diluted in 70% aqueous methanol and an aliquot (1 mL) was mixed with 2 mL of BSA (1 mg/mL) and incubated at room temperature for 15 min. After centrifugation at 5000 g for 10 min, the supernatant was discarded, and the pellet was dissolved in 4 mL of SDS solution. One milliliter of the ferric chloride reagent was added, and after 20 min the absorbance at 510 nm was read on an Ultrospec 2000 (Amersham Biosciences, Cambridge, UK). Results were given in g of tannic acid per 100 g of powdered extract. Analysis by liquid chromatography-electrospray ionization-tandem mass spectrometry (LC-ESI-MS). The analysis of LPE was performed by LC-ESI-MS using a column Phenomenex Gemini C-18 in a Shimadzu HPLC system equipped with LC-20AD pump, a SIL 20AC autosampler and a SPD-20A detector. The sample was eluted with a linear gradient 10-30% of acetonitrile:water using phase A solvent (0.1% acetic acid/H2O) and acetonitrile as solvent in phase B. The analysis was performed under a flow rate at 1.0 mL/min detection at 280 nm. Mass spectra were obtained with Amazon Speed ETD ion trap spectrometer (Bruker-Daltonics, MA, USA), with the electrospray operating in positive ion mode at flow rate of 9 L/min, drying gas at 300ºC and under pressure of 40psi. The capillary voltage was set at 4500V.
Statistical analysis.
All data were presented as mean and standard deviation. Statistical analysis of cell cycle arrest and caspase-3 activity was assessed by unpaired t-test, between control and treated cells. All data, including regression curves and IC 50 values, were analyzed in Prism 5.0 (GraphPad Software, USA).
RESULTS
First, we evaluated the effects of LPE on cell viability of three different human lung cancer cell lines and used normal fibroblast as the control. After 72h of exposure, LPE induced a concentration-dependent cytotoxic effect in all cancer cell lines, demonstrating that non-small cell lung carcinoma cell lines are susceptible to the effect promoted by LPE bioactive components ( Fig. 1) . Among the three cell lines, the H460 cell line was the most sensitive to the cytotoxic effect of LPE ( Table 2 ). Next, we used a murine in vitro model to determine whether the cytotoxic effect of LPE is more specific to cancer cells than non-cancer cells. The E9-E10 mouse model presented one immortalized lung epithelial cell line (E10) and the sibling pair originated from spontaneous transformation (E9) [16] . E10 cells resemble type-II lung epithelial cell lines and E9 cell is a lung adenocarcinoma cell line. We performed the cytotoxic evaluation on both cell lines and found that LPE was almost twice as cytotoxic in cancer cells than in non-cancer cells ( Table 2 and Fig. 1 ).
As already demonstrated, LPE induces cytotoxic effects on human and mouse lung cancer cell lines. Therefore, we investigated whether LPE arrested cancer cells in a specific phase of the cell cycle. Flow cytometry analysis of the cell cycle showed that the majority of cancer cells were arrested in the sub-G1 phase, indicating cell death after exposure to LPE. There was a significant difference in the number of cells in the sub-G1 and S phases between control and treated cells, while there was no difference in the number of cells in G1 and G2/M (Fig. 2) . The IC 50 of LPE in cancer cells induced sub-G1 cell cycle arrest, which occurred by apoptosis mediated by caspase-3 activation as shown by the increased number of cancer cells with elevated caspase-3 activity (Mean ± SD: LPE 17.43% ± 1.59; Control = 4.20% ± 2.85; p=0.0014; Fig. 3 ). The well-defined standard curve for tannic acid was used to estimate the total tannins. As shown on Table 3 , the dried extract contained more than twice the tannin concentration found in powdered bark and inner bark, suggesting that aqueous ethanol is an effective solvent to concentrate these bioactive compounds from the initial plant. Mass spectrum of the hydroethanolic extract showed three major peaks at ESI in ion positive mode (Fig. 4) . The major peaks resulting from the chromatogram integration (UV 280 nm) had a fragmentation pattern of procyanidins, whereas peaks 6 and 9 presented a peak ar 579m/z derived from a protonated ([M+H]+) dimer with a molecular mass of 578 m/z. (6, 9, 11) showing molecular mass equivalent to monomers and polymers of (+) catechin and (-) epicatechin. The fragment from peak 6 (RT 5.50) at m/z 579.22 produced three fragments indicating the presence of type B procyanidins (epicatechin-(4β→8)-epicatechin) in a MS/MS (m/z 246, m/z 291, m/z 407 and m/z 427) as described previously using the same procedure [17] . In addition we observed a fragment at m/z 291 ([M+H]+) equivalent to epicatechin monomers that have a molecular mass of 290 ( Fig. 5 ). In conclusion, the peaks described by ESI in positive ion mode (Table 4 ) are procyanidins at different levels of oligomerization. 
DISCUSSION
Plants have been a great source of drugs that are effective for the treatment of many forms of cancer. In the past few years, a substantial number of Brazilian plants with interesting anti-cancer activity have been studied, including Casearia sylvestris, Simarouba versicolor [18] , and Paullinia cupana [7, 19] , demonstrating effects such as free-radical scavenging, enzyme inhibition, antiproliferativeness and anti-inflammation [20] . Here, we demonstrated that a Lafoensia pacari extract that is rich in procyanidins induces caspase-3-mediated apoptosis in human and murine cancer cells, illustrating its anti-neoplastic potential. This effect is more pronounced in cancer cells than non-tumorigenic cells in both species.
Lafoensia pacari appears to have therapeutic potential given its widespread use in traditional medicine, and has been the focus of increasing interest [12,21.22] . The L. pacari Brazilian Archives of Biology and Technology. Vol.62: e19160638, 2019 www.scielo.br/babt stem bark extract has already demonstrated anti-ulcer effects in an animal model of ethanol and indomethacin-induced gastric ulcers [22] and anti-inflammatory activity against carragenin-induced paw oedema in mouse [23] . Here we demonstrated that the mode of action of LPE on human cancer cells involves the induction of sub-G1 cell cycle arrest due to apoptotic cell death mediated by caspase-3 activation. This result is consistent with that of Marcondes and coworkers, who evaluated the effect of L. pacari stem bark methanolic extract in leukemic cell lines [21] . In their study, the authors reported that other compounds apart from elagic acid could be responsible for its cytotoxic effects.
Apoptosis is one mechanism of cell death that is induced mainly by natural and/or disease-induced factors involving a great machinery and cell cycle control [24] . Cancer cells generally acquire resistance to apoptosis, this being one of the hallmarks of cancer [25] . Apoptosis is traditionally thought to be induced by the extrinsic (death receptor) pathway or by the intrinsic (mitochondrial) pathway. However, there may be a possible connection between the two pathways, leading to a final execution pathway [26] . Caspase cleavage is one of the events that occur during apoptosis. The successive cleavage of these enzymes leads to subsequent cleavage and activation of caspase-3, resulting in apoptotic cell death by means of interactions between a wide range of cellular target proteins. Caspase-3 is a critical effector of the apoptosis pathway with the ability to activate other caspases that promote cell death. Our results are similar to those of Wang and Lin (1999) , who demonstrated that flavonoids can stimulate the activity of caspase-3, inducing apoptosis [27] .
In the present study, the crude ethanolic extract and powdered and inner bark of L. pacari contained high levels of total tannins. These polyphenolic compounds are widely distributed in plants, food and beverages, occurring in approximately 30% of all plants [28] . The moderate intake of some types of tannins may be beneficial for human health, affecting the activity of metabolic enzymes, promoting immunomodulation and other beneficial functions [29] . According to their chemical structure, tannins are classified in two groups: hydrolysable and condensed tannins. The LC-ESI-MS analysis of LPE presented repeated peaks, the most significant ones representing the monomer and polymers of (+)-catechin and (-)-epicatechin, compounds known as proanthocyanidins. Molecules that consist solely of epicatechin units are also called procyanidins, and represent the most plentiful type of proanthocyanidins in plants. These condensed tannins are widely found in nuts, seeds, fruit and bark, and have been widely investigated not only for their potential therapeutic action, but also as a way to prevent several types of cancer [30] . The grape seed proanthocyanidin proved to be a potential chemopreventive agent, reducing cell proliferation, inducing apoptosis and cell cycle arrest and modulating the expression of several genes in tumor cells [31, 32] . Likewise, epigallocatechin-3-gallate, a proanthocyanidin from green tea, induced apoptosis through caspase-3 and 9 activation, leading to subsequent cell death [33] .
The LC-MS in positive ion spectra at 280 nm revealed predominant peaks. Although the negative mode is known to be more efficient for the detection of procyanidins, the fragmentation patterns found in this study correspond to those described in grape and wine extract by Sun & Muller in 2003 [17] . It was possible to identify peaks with a molecular mass equivalent to monomers and polymers of catechin and epicatechin. Two of the three major peaks, which together correspond to 1/3 of the LPE total extract compounds, showed an m/z [(M+H)+] of 579, derived from protonated dimers with a molecular mass of 578, characteristic of, more specifically, procyanidin B1 or epicatechin (4β→8) catechin, and procyanidin B2 or epicatechin-(4β→8) epicatechin [34] . Recent studies have demonstrated the biological effect of this small group of procyanidins, the procyanidins B [35] . Considered to be two of the main procyanidins, procyanidin B1 and B2 have shown potential antioxidant and antineoplastic effects against tumor cells, but the molecular basis of such physiological modulations is still not fully understood [36] . Our results showed a high amount of procyanidins B in the LPE extract, which could at least in part be responsible for the cancer cell cytotoxicity and caspase-3-induced apoptosis. Such effects have previously been studied by Tyagi and coworkers when evaluating the effects of synthetic B2G2 in prostate cancer, which achieved cytotoxicity due to modulation of transcriptional factors involved in cell survival and inflammatory cascades, such as the NF-κB, AP1 and Stat3 signaling pathways [37] . In addition, the activity of procyanidin B2 in azoxymethane (AOM)-induced colonic preneoplastic aberrant crypt foci (ACF) led to increased activity of caspase-3 and subsequent apoptosis in cancer cells; furthermore, the number of macrophages and NK cells was significantly increased when compared to the control [38] . This data suggests that procyanidins have antineoplastic properties, increasing survival by directly altering tumor behavior.
CONCLUSION
This work describes the presence of procyanidins in LPE through LC-MS analysis, and the antineoplastic effect of Lafoensia pacari on human and murine lung cancer cells through sub-G1 cell cycle arrest due to apoptosis induced by caspase-3 activation. Future research efforts will concentrate on determining which procyanidin is responsible for this cytotoxic effect. In vivo preclinical studies will be necessary to evaluate potential adverse and antineoplastic effects of LPE.
